Various studies have been conducted in the past by researchers who have proposed diverse solutions to control the premature degradation noted on flexible pavements. It turns out that the binder content remains a parameter so far not mastered and its optimization remains an imperative to produce a quality mix capable of meeting the technical and economic requirements sought in a formulation study. This article mainly aimed to optimize the hydrocarbon binder content of a 0/14 granular class semi-granular bituminous concrete using the Marshall and Duriez method. In the first part of the study, the different constituents were characterized according to the standards in force. The second allowed to describe the methodology used to determine the mixture and calculated the theoretical binder content. A theoretical mixture, entering the reference zone was defined at first. Following the characterization of the mixture in the laboratory, the granulometry curve of the mixture was inserted into the reference zone. This mixture was then preserved for the rest of the study. Then, it was theoretically determined bitumen contents ranging from 5.13% to 5.75% for wealth modules ranging from 3.3% to 3.7%. Thus, the Marshall method was used to characterize the performance of the mixture as a function of the binder content. The results obtained led to the selection of two grades of binders 5.13% and 5.28% for the study of water resistance using the Duriez method. On the basis of the results obtained on the Duriez test, the mixture with a binder content of 5.28% satisfies a good part of the criteria selected. This content corresponds to a wealth module of 3.4%.
Introduction
Bituminous concrete is by far the most used material in Senegal for the realization of the wearing course. Users must appreciate the quality of the contributive wearing course of their comfort and safety. Subjected to a growing traffic, the wearing courses must meet multiple requirements: surface characteristics, rolling noise reduction, Bituminous concretes are by far the most desired material and used in Senegal for the protection of the structure, service life, reduction of thicknesses and costs. As for the formulation of the coating, these requirements quickly become incompatible with each other [1] . Furthermore, to fully perform its function, the surface layer must also be able to withstand the forces of bending, compression and shear related to traffic. Indeed, the current traffic, of increasing intensity, always requires a higher degree of performance of asphalt mix.
Several researchers have been interested in the past years on the causes of premature deterioration of flexible pavements including ruts, faiençages, ressuages, cracks and have proposed multiple solutions through studies of asphalt concrete formulations. However, the binder content parameter is one of the major sources of the problem and deserves special attention. Existing studies have shown according to our documentary reviews and in practice shortcomings and limitations on its optimization which has dual interest in both technical and economic.
As a result, the formulation tests become more and more demanding in addition to the tests of the different constituents. Among these requirements, it will be necessary in this study to verify the evolution of the characteristics of the mixes, such as compactness, creep, stability and sensitivity to water depending on the binder content. For this, we will first use after identification of the various constituents, the Marshall test which is a method of determination of the content of vacuum and the mechanical characteristics of a bituminous mix. The process was developed by Bruce Marshall in 1939 [2] . Several standards frame the process such as the European standard EN 12697-34 [3] . Then the Duriez test which aims to determine, for a given compaction, the compressive strength of a test specimen weight and section was determined. It also makes it possible to define the resistance to water of the mix by the ratio of the compressive strengths after and before immersion of the specimen in a thermostatic water bath. The test is described according to standard NF P 98-251-1 of September 2002 [4] on hot hydrocarbon mixtures. Finally an optimal binder content will be deduced.
Experimentation

Materials
The materials used are mainly aggregates and bitumen. Table 4 and Table 5 show the values found. [14] . The penetration test made it possible to characterize the consistency of the bitumen, its hardness and rigidity at ambient temperature. The values obtained in this study are shown in Table 6 . It reveals 35/50 grade bitumen.
The softening test evaluated the consistency of bitumen at high service temperature. Table 7 provides acceptable results for this type of study. Figure 2 gives the granulometric curve of the mixture which fits into the spindle. Table 8 shows the corresponding granular composition. Then the binder content TLext is determined according to this formula.
With M b = mass of bitumen. M GS = mass of dry aggregates.
The binder content is related to the richness modulus and the specific surface by the following equation: 
Method
The method used is based on the methodological principle of the Marshall and Duriez test.
Marshall
The 
Duriez
The principle of the Duriez test, according to standard NF P 98-251-1, is manufactured by double-acting static compaction, some of which are subjected to the compression test after storage at 18˚C under defined conditions ( in the air and in the water). Others are intended for the measurement of the density by hydrostatic weighing to calculate the compactness. For the mixture, 07 specimens were made and distributed as follows:
02 tested in simple compression after 24 hours; 02 tested in simple compression after 07 days of storage in air at 18˚C; 02 tested in simple compression after 07 days of storage in water 18˚C.
One reserved to determine the compactness of the mixture. For each parameter, a figure is presented with the values obtained and the limit values generally retained by the technical prescriptions.
Results and Discussions
The difficulty of formulating the surface layers stems from the fact that the qualities are often contradictory. The bituminous concretes of the LCPC-SETRA formulas are currently limited to 0/10 and 0/14 semi-graded concretes, characterized by high thicknesses, as well as excellent resistance to permanent Open Journal of Civil Engineering deformation [16] . Table 9 gives some technical specifications of 0/10 and 0/14 semi-granular bituminous concrete according to standard NF EN 13108-1 [17] . Table 10 gives specifications for the Marshall and Duriez test.
The evolution curve of the compactness for each mixture is shown in Figure   3 .
It is found that compared to the established limit values, the binder content of Table 9 . Specifications of semi-grained bituminous concrete. The stability evolution curves is shown in Figure 4 . Concerning the Marshall stability, all the bitumen contents provide a mechanical resistance higher than the threshold value which is 1000 Kgf. However, Marshall stability is not an absolute measure of resistance [18] . In other words, the Marshall test gives no indication of the resistance to deformation of a coating but serves as a control of the regularity of asphalt pavement production [19] .
The evolution of Marshall creep curves is shown in Figure 5 . By observing the evolution of the fluings, we notice that all the contents fulfill the fixed conditions. Following the analysis of the results, it is found that only the binder content of 5.28% gives a compactness of 93.6% which falls within the range of acceptability.
The bi-tume content of 5.13% provides a 91.8% Duriez compactness that deviates from the allowable threshold. Figure 7 shows the evolution of the ratio between the compressive strength of specimens kept for 7 days in water at 18˚C and those kept in air at the same temperature depending on the selected bitumen contents following the Marshall test. A limit value of 0.7 represents the minimum value that this report must 
Conclusions
This study shows that the optimum binder content of 5.28% gives the mixture the best performance which best meets the requirements of the technical requirements. The Marshall and Duriez trials have made it possible to characterize the mixture to achieve such a result.
This optimization study of the bitumen content of a semi-granular bituminous mix offers both technical and economic interest and pushes the limits of research in this field.
However, this study needs to be supplemented by higher level formulation tests such as the gyratory shear press test, the rutting test, the fatigue and module test to better understand the mechanical behavior of the bituminous mixture.
semi-granular basaltic.
